That Flipping Classroom -Getting engineering students to be consciously competent on their own Robin Braun and Zenon Chaczko I. MOTIVATION
A. Do Engineering Students really "get it"?
This paper is inspired by the Keynote Speech which I gave at ITHET 2014 in York in September 2014. The material was very well received, and it seemed appropriate to offer it for publication in the proceedings of ITHET 2015.
In preparing this Keynote Speech I was reminded of the "Spectral Lines" article by Donald Christiansen. He was a famous editor of IEEE Spectrum. The article was entitled "Do students really get it?"
1) The 80:20 Rule: What he was really referring to was the difficulty many students in engineering have in grasping difficult threshold subjects. Some estimates suggest that the 80:20 rule applies. 20% get it, and 80% muddle through.
2) What should we be doing about it? Does it really matter?: We still manage to produce enough technically competent engineers to push our society forward (or do we?) Can we really improve that 80:20 rule to perhaps 50:50? Is it our responsibility as educators to be doing that? Is it not perhaps the students who should be taking the responsibility for their own learning.
In this paper I am going to explore how we can perhaps do it by changing our teaching style.
II. LEARNING, ORDER AND CHAOS

A. The Complexity Plane
Many of us are familiar with complexity theory. One of the representations of so called complex systems is as in Figure  1 .
In essence, what it says is this: 1) Simple systems can become complicated, but there is a danger that they may slip into chaos while doing so. 2) If simple systems become complex, they almost surely must first become chaotic in doing so. 3) Complicated systems may become complex, but may descend into chaos while doing so. 4) Movement in the opposite direction is unlikely, and would require intervention We can re-image the complex plane so that it represents a student in the learning process. See Figure 2a . This would apply to each learning element, such as a course.
1) At the outset of the learning process, it is assumed that the student is in the Unconsciously/Incompetent state 2) There is always a danger that a student may descend into Chaos/Failure while trying to navigate anti-clockwise around the states. 3) It is possible, and often happens that a learner moves from Unconsciously/Incompetent to Unconsciously/Competent. a) For example, a young child learning to speak
C. What happens when we teach?
When we teach, we are really trying to move the learner from being Unconsciously/Incompetent to being Consciously/Incompetent. That is a state of not yet being a competent practitioner, but having the knowledge resources needed. See Figure 2b .
D. What happens when students learn?
On the other hand, learner centred activity then enables the learner to move from being Consciously/Incompetent to being The point is that Wisdom comes from being Unconsciously Competent. It comes from Age and Experience. Being knowledgeable puts the learner into the top two quadrants of the learner diagram, while being wise puts the learner into the Unconsciously/Competent quandrant.
IV. WHERE DOES OUTCOMES BASED EDUCATION FIT IN?
A. We can step back and consider what outcomes education did for us.
Essentially OBE said, "Let us design our curriculum and subjects based on what competencies we expect from our learners, not what content they may require." Outcomes based education essentially says that knowledge and wisdom are very separate things.
• Knowledge is a resource • Wisdom is an outcome
There are other resources that a learner needs in order to get to the LHS of the diagram. The Competent side. These would include Skill, Experience, etc. This ties in very well with our notion of a learner, progressing through acquiring knowledge, to building competencies based on that resource, and eventually building wisdom through experience.
B. Outcomes and the 4 quadrant diagram
In essence, Outcomes based education says that the degree to which the learner can enter the LHS of the diagram is not dependent on their IQ. Rather it depends on the learning style, and the extent to which they can harness their resources. To come back to our 4 quadrant diagram, the Outcomes measured in Outcomes Based Education show to what extent the learner has been able to enter the "Consciously Competent" quadrant. Movement to the "Unconsciously Competent" quadrant comes from experience, and the development of "wisdom".
C. A useful Learner Model
A very useful learner model is shown in Figure 4 . It clearly shows the distinction between resources and outcomes.
V. HOW YOU WOULD DO IT -THE CASE FOR "FLIPPING"
THE CLASSROOM.
From a historical point of view, Engineering Education was characterized by the content that was required in each subject. This lent itself to the model where the learners "received knowledge" from the lecturers by sitting passively in the classroom. Then it was hoped that they would internalize it and eventually become consciously competent in tutorials and labs.
A. What then is Flipping in the context of modern engineering education?
Flipping the classroom means completely removing the responsibility for the knowledge acquisition (content) from the lecturer. This then frees up the lecturer to concentrate in moving the learner from "incompetent" to "competent". That is from the RHS to the LHS of the 4 quadrant diagram, and being sure to prevent dipping into chaos.
This is apposed to just moving the learner up the RHS, which is the traditional view of engineering education.
B. Making the classroom student centric 1) Get the learners to do the work of acquiring knowledge: Unfortunately we still have to let students know what the scope of what they need to know is. It would be wonderful if students were able to figure this out for themselves. The idea of Just in Time JIT knowledge accumulation is very appealing, but implies that the learner is already in the 3rd or 4th quadrant.
Learners don't know what they don't know. It is a feature of being Consciously/Competent when they are able to discover what they don't know.
Students are driven by assessment. Particularly if they believe that the assessment is Quantitive. (Get marks for it.) But what we really need is formative assessment.
So, the trick is to make the assessment Formative, while the students think it is Quantitative.
C. From Knowledge to Resources 1) Get students to think that the knowledge they acquire is a resource: More and more we are thinking of knowledge as just another resource available to the practitioner. In earlier times, we would have thought of knowledge as being the end in itself.
Once we accept this basis, we free up the student to consider the full range of resources available to their practice. These may include language, mathematics, knowledge, experience, etc.
D. From "content" to "competency" 1) Make The students believe that they are becoming competent, as apposed to just knowing more. : I often quiz new PhD candidates as to why they are doing a PhD. Often I get the response that they are doing it so that they can get more knowledge, or a deeper understanding. Actually the PhD has some of that, but probably its biggest element is its intense ability to build competence in its graduates. It is often thought of as a journey into theory, but actually it is the most intense competence building excersise that we have. It is the one degree that we can be sure fundamentally changes the graduate. 48750 is a final stage subject for Telecommunications students. It contains teletraffic engineering for both circuit and packet switched networks. It also contains elements of reliability and optimization, and new network paradigms such as SDN.
B. What the pattern used to be
The subject used to be made up of a 3 hours per week sequence of 1 hour of lecture, 1 hour of quiz and 1 hour of lab. The lecture was the "centerpiece" of the weekly sessions, and the quiz was on the previous week's material. A way of "embedding" the material.
C. What the pattern is now
Now the subject is made up of a 3 hours per week sequence of 1 hour of quiz on the material for the current week, 1 hour of tutorial on difficult aspects of the current week's material, as well as applications of the current week's material. The session concludes with a 1 hour of lab. There is no lecture. The quiz was on the material to be covered in this week's tutorial
VII. WHAT WE HAVE LEARNED
The marvel of Information Technology. So, where does ITHET come into the big picture. See Figure 5 . At last IT gives us the freedom to discard our obligation towards the delivery of Knowledge, and instead concentrate on the creation of competence. We can concentrate on moving the learner from the RHS (incompetent) to the LHS (competent) side of the 4 quadrant diagram.
